One of the most common comorbid pathology is asthma and arterial hypertension. For experimental modeling of comorbidity we have used spontaneously hypertensive rats with ovalbumin (OVA)-induced asthma. Rats were randomly divided into three groups: control group, OVA-induced asthma group; OVA-induced asthma + IL10 shRNA interference group. Target gene (IL10) was predicted by ANDSystem. We have demonstrated that RNA-interference of IL10 affected cardiovascular (tested using Millar microcatheter system) as well as respiratory functions (tested using force-oscillation technique, Flexivent) in rats. We have shown that during RNA-interference of IL10 gene in vivo there were changes in both cardiac and lung function parameters. These changes in the cardiovascular parameters can be described as positive. But the more intensive heart workload can lead to exhaust and decompensation of the heart functions. Knockdown of IL10 gene in asthma modeling induces some positive changes in respiratory functions of asthmatic animals such as decreased elastance and increased compliance of the lungs, as well as less pronounced pathomorphological changes in the lung tissue. Thus, we provide the data about experimentally confirmed functionality changes of the target which was in silico predicted to be associated with both asthma and hypertension -in our new experimental model of comorbid pathology.
Introduction
Since the works of Feinstein [1] , Kraemer and van den Akker [2] , [3] comorbidity or multi-morbidity is still in focus of many investigators worldwide [4] . One of the most often combinations of chronic diseases is asthma and arterial hypertension [5] or other cardiovascular pathology [6] , [7] . It is not surprising because modern understanding of inflammation is beyond the classical concept of this pathological process as a response to infection and injuries, and the significance of low-grade chronic inflammation has now been established in the pathogenesis of non-inflammatory diseases (e.g. atherosclerosis, metabolic syndrome, arterial hypertension, obesity) has now been established [8] , [9] , [10] , [11] , [12] , [13] . The main problem of comorbidity in clinics is poor prognosis. Polypharmacy is the next significant point: patients with two or more pathologies should receive simultaneously a lot of drugs leading to combination of side effects. Thus, it is important to find molecular targets that can be used for prospective treatment of both diseases with a single drug. Bioinformatical approaches in this situation are optimal considering huge volume of heterogeneous data for analysis. In our previous article, we used ANDSystem for the reconstruction and analysis of gene networks associated with both asthma and hypertension [14] . The gene network for asthma included 755 genes/proteins and 62603 interactions, while the gene network for hypertension -713 genes/proteins and 45479 interactions. According to these date the genes encoding Interleukin-10 (IL10), Toll-like receptor 4 (TLR4), and catalase (CAT) have the highest priority in the development of asthma and arterial hypertension comorbidity.
In current research we demonstrate the influence of IL10 knockdown on development of experimental comorbidity of asthma and hypertension. RNA-interference of IL10, a gene predicted by ANDSystem, affected cardiovascular as well as respiratory functions are changed in spontaneously hypertensive rats with ovalbumininduced asthma.
Methods

Animals
All procedures followed the criteria, technical standards and rights applied to animal research. All trials were followed in accordance with the statements of the European Union regarding the handling of experimental animals. This investigation conformed to the laws and local ethical committee guidelines for animal research.
Spontaneously hypertensive male rats (SHR) aged 4-5 months (body mass 300-350 g) used in our study, were purchased from "Charles River Laboratories" company. Prior to experiments, rats were maintained in an animal facility under standard laboratory conditions for 3 months with free access to food and water. Hypertensive status was confirmed by measuring the blood pressure using non-invasive Mouse-Rat Blood Pressure Monitor -CODA (Kent Scientific, USA) before the start of the experiments. All measurements were provided after 10 min holding non stressed animal in special cage. Only animals with a systolic pressure 190.1 ± 17.62 mmHg and diastolic pressure 133.7 ± 22.7 mmHg were taken to experiment. Rats were randomly divided into three groups: control group, ovalbumin (OVA)-induced asthma group + scrambled shRNA-producing plasmid group; OVA-induced asthma + anti-IL10 shRNA-producing plasmid shRNA interference group. Each group included seven rats.
Ovalbumin-Induced Asthma Model
We established asthma model according to the methods of Li and Vanacker [15] , [16] with some modifications. Rats were sensitized by intraperitoneal injection of 1 mg OVA (S7951, Sigma-Aldrich, USA) adsorbed to 0.3 mL of Al(OH) 3 as an adjuvant (Aluminum hydroxide Gel, colloidal suspension, Serva, Germany) in a total volume of 0.8 mL sterile normal saline solution on days 1 and 8. Then starting from the day 15, rats were challenged by intranasal exposure to 100 μL of 1% OVA (in normal saline) once a day for 7 days. The control group was treated only with normal saline injections and intranasal delivery of saline solution. Euthanasia (1.5 g/kg urethane, intraperitoneally) was performed 1 day after the last intranasal delivery.
Construction of shRNA-Expressing Vector
shRNA sequence complementary to site on IL10 mRNA was designed in silico by siDESIGN Center (Dharmacon, a Horizon Discovery Group Co). We used BLAST (NCBI NIH, USA) algorithm to check it for unspecific binding. For 21 nucleotide RNA sequence, we generated 55 nucleotide sense and antisense oligonucleotides designed according to the recommendation of pSilencer 4.1-CMV neo vector kit (Ambion, ThermoFisher Scientific, USA) of with restriction sites for HindIII and BamHI to obtain sticky ends. These oligonucleotides were synthesized by Metabion, Germany. Sequences of both oligos are presented in Table 1 . Two oligos were annealed and then immediately ligated into pSilencer 4.1-CMV neo vector (Ambion, ThermoFisher Scientific, USA). Ligation mix was transformed into chemically competent XL E. coli cells. Single colonies from solid LB agar medium were cultivated in LB broth overnight. Up to 5 mg of plasmid DNA was purified with GeneJet Miniprep Kit (ThermoFisher Scientific, USA) from each colony to screen for successful ligation transformants.
Ligation was confirmed by restriction analysis with HindIII and EcoRI and further electrophoresis analysis. Confirmed colonies were cultivated to make preparation-size purifying of shRNA vector. We used GeneJet Maxiprep Kit to obtain up to 1 mg of pDNA which was dissolved in sterile endotoxin-free deionized water (ThermoFisher Scientific, USA) in sterile conditions and was ready for further experiments. The same procedure was performed for scrambled shRNA-encoding plasmid. 
RNA Interference
For IL10 knockdown in vivo, 100 μg of the anti-IL10 shRNA-expressing plasmid was injected to rats via the tail vein on the 15 th day after the first injection of OVA. The same dose of scrambled plasmid was injected to the rats of the control group. The effectiveness of RNA interference was measured using real-time PCR in the heart tissue.
RNA Isolation, Reverse Transcription and Real-Time PCR
Total RNA was isolated with Trizol reagent (Invitrogen, USA) reagent. RNA concentration was determined using the NanoDrop spectrophotometer ND1000 (NanoDrop Technologies Inc, USA). cDNA was synthesized from 5 μg of total RNA by reverse transcription with 10 mM Tris-HCl (pH 9.0), 5 mM MgCl 2 ; 1 mm dNTPs; 20 U Ribo-Lock, Random hexamer primers (0.5 μg/μL) and 200 U RevertAid H Minus M-MuLV Reverse Transcriptase. PCR was performed using the Applied Biosystems 2700, PerkinElmer, USA. Gene expression of IL-10 (Custom TaqMan ® Gene Expression Assays, Rn01483988_g1) was determined using TaqMan ® Gene Expression Assay ("Applied Biosystems", USA). The pairs of forward and reverse primers for above mentioned genes and the TaqMan probes for the target mRNAs were designed based on the rat mRNA sequence by Applied Biosystems (USA). Gene expression in each probe was normalized by GAPDH, using TaqMan Rodent GADPH Control Reagent (VIC™Probe, lot number 0608014). The thermal cycles of PCR amplification were the following: initial denaturation step at 95°C for 20 s, followed by 60 cycles of treatment at 95°C for 3 s, and at 60°C for 30 s using 7500 Fast Real-time PCR (Applied Biosystems, USA). Analysis of obtained data was carried out with 7500 Fast Real-time PCR Software.
Haemodynamic Analyses
The evaluation of hemodynamic parameters was performed as described previously [17] . Briefly: rats were anesthetized with urethane (1.5 g/kg, intraperitoneally), fixed, and the right carotid artery was dissected. An ultra-small catheter 2F (Millar Instruments, USA) was introduced retrogradely through the right carotid artery and the signals of pressure and volume in the left ventricle during the cardiac cycle were simultaneously recorded with visualization of P-V curves. Recordings of the cardiodynamic parameters were performed in two modes: in an initial state and during temporary occlusion of the abdominal vena cava (for 7-10 s). We recorded the following cardio-hemodynamic parameters: heart rate (HR), end-systolic pressure (ESP), enddiastolic pressure, end-systolic volume of the left ventricle (ESV), end-diastolic volume of the left ventricle (EDV), stroke volume, cardiac output, ejection fraction, dP/dt max, dP/dt min, dV/dt max, dV/dt min and PdVdt max. Effective arterial elastance, determined according to the data of Sunagawa, was calculated as the ratio of ESP derived from the pressure-volume curve in the initial state to stroke volume. The pressure and volume ratio in the left ventricle was analyzed using the PVAN 3.6 program (Millar Instruments, Gulf Fwy, Houston, USA) with the conversion of relative volume units (RVU) to absolute units of volume (μL) using the data acquired during calibration procedure performed according to manufacturer recommendations formula (slope 20.25 × RVU-intercept 29.05). 
Assessment of Airway Function
Measurement of Cytokine IL4 in CD4 + Cells in Bronchoalveolar Lavage Fluid (BALF)
After insertion of a catheter into the trachea, the lungs of the animal were lavaged with 1.5 mL of Hanks balanced salt solution (Invitrogen, USA) [18] . The lavage fluid was centrifuged at 250 g during 3 min, and the cell pellet was resuspended in 1.5 mL RPMI (Invitrogen) and the total cells were counted under a microscope (Olympus, Japan). The cells were then fluorescence-labeled for flow cytometric analysis in order to detect the percentage of T2 helpers in BALF. First of all, samples were incubated in RPMI 1640 for 4 h with ionomycin 
Morphological Analysis
For light microscopic study, lung specimens were fixed in 10% buffered formalin and 5-mm thick paraffin sections were prepared and stained with hematoxylin and eosin (H&E). H&E-stained tissue sections were examined light-microscopically with Nikon Eclipse E200 microscope and Nikon DS-SI 1 camera and analyzed by using the ImageJ software. Morphometric measurements were made in lung tissue samples of five rats from each experimental group (in 10 nonoverlapping microscopic fields for each rat). The area of infiltrates content was measured at a magnification of ×100 for each specimen and was expressed as a percentage relative to the area of the standard measuring frame. The structural changes in the bronchiole walls of different size were analyzed as described previously [20] . The total bronchial wall area (WAt = Ao -Abm), the inner wall area (WAi = Amo -Abm) and the outer wall area (WAo = Ao -Amo) were calculated based on the measured values of the basement membrane length of the epithelium (Pbm), the perimeter of the outer boundary of the smooth muscle (Pmo), the outer adventitial perimeter (Po) and the areas defined by these parameters (Abm -basement membrane area, Amo -outer muscle area and Ao -outer airway area). The studied airways in each experimental group of rats were divided into two categories according to the length of their basement membrane: Pbm < 1 mm (small), 1 mm ≤ Pbm < 2 mm (medium). For analysis of the morphometric measurements the values of WAt, WAi, WAo, were normalized to Pbm.
Statistical Analysis
All data were checked for normality of distribution using Shapiro-Wilk normality test. Difference between groups was estimated using the Kruskal-Wallis rank sum test. Results were considered statistically significant if p < 0.05. In cases when more then two groups were compared Kruskal-Wallis was followed by Dunn's test of multiple comparisons and the null hypothesis was rejected if p ≤ 0.025.
Results
Changes in mRNA Expression Upon Silencing of IL10
Intravenously injection of IL10-specific shRNA-expressing plasmid induced a 28.6-fold downregulation of the IL10 mRNA level in the thymus and in 5.3-fold in spleen tissues (p < 0.05) compared with scrambled shRNAexpressing plasmid (Figure 1 ). 
Changes in Cardio-Hemodynamic Parameters
Basic parameters of heart function that were estimated using microcatheterisation of the left ventricle are presented in Table 2 . In rats with OVA-induced asthma the next indicators were significantly lower than in control: heart rate, maximum volume, minimum volume, end-systolic volume, end-diastolic volume, Tau_w, but at the same time the main parameters of pump function were higher -stroke volume (on 27%, p < 0.05) and ejection fraction (on 63%, p < 0.05). Rats treated with anti-IL10-shRNA-expressing plasmid demonstrated difference of the same parameters with more pronounced elevation of stroke volume (on 45%, p < 0.05) and ejection fraction (on 76%, p < 0.05). Moreover, cardiac output (on 17%, p < 0.05), stroke work (on 1.9-fold, p < 0.05), maximal power (on 1.83-fold, p < 0.05) and main indicator of contractility Emax (on 3.1-fold, p < 0.05) were significantly higher in this group compared to control rats. Knockdown of IL10 gene in asthma modeling in SHR induced the decrease of arterial elastance on 34% (p < 0.05) that showed the decrease of the arterial vessels resistance. Time of diastolic relaxation (Tau_w) of the heart was also decreased in these animals (on 34% compared to control, p < 0.05). 
Changes of Airway Function
In control rats baseline resistance was 0.21 ± 0.036 and slightly increased substantially with methacholine from 0.43 ± 0.041 to 1.67 ± 0.077 cmH 2 O*s/mL (Figure 2A) . In OVA-induced asthma group baseline resistance was 3.8 times higher (p < 0.05) comparing to this parameter in control animals, and increased to a greater extent with methacholine from 0.81 ± 0.092 to 1.44 ± 0.083 with maximal differences during the methacholine treatment in doses 0 and 4 mg/kg -1.9-fold and 1.4-fold correspondingly (Figure 2A ; p < 0.05). The baseline resistance was 2.6 times higher compared to control (p < 0.05) in asthma + IL10 shRNA-interference group, but it was significantly lower compared to the asthma group. During methacholine challenge the resistance increased from 0.75 ± 0.035 to 1.17 ± 0.071 with differences in methacholine doses 8 and 32 mg/kg -1.5-fold higher and on 19% lower correspondingly compared to OVA-induced asthma group (Figure 2A ). Compliance of respiratory system (Crs) in control rats were 4 times (p < 0.05) higher compared to OVAinduced asthma group, and was decreased from 0.2 ± 0.012 to 0.08 ± 0.007 mL/mmH 2 O ( Figure 2B ). In OVAinduced asthma group Crs was decreased from 0.06 ± 0.004 to 0.04 ± 0.003 in methacholine test with maximal differences in methacholine doses 0, 4, 16 and 32 mg/kg (p < 0.05). RNA-interference significantly influenced on Crs baseline compared to OVA-induced asthma group (0.11 ± 0.009 and 0.06 ± 0.005 correspondingly, p < 0.05). During methacholine challenge Crs was decreased in asthma + IL10 shRNA-interference group more prominent than in OVA-induced asthma group (from 0.1 ± 0.008 to 0.06 ± 0.004). Significant differences were determined in methacholine doses 0 and 32 mg/kg compared to OVA-induced asthma group (p < 0.05).
Thus, knockdown of IL10 gene prevents asthma-induced negative changes in baseline parameters of resistance and compliance and ameliorates the decline of compliance during experimental bronchoconstriction (methacholine application).
Percentage of T-Helper 2 Cells in BALF
In modeling of OVA-induced asthma the quantity of T-helper 2 cell population in BALF was increased in 2.5fold (p < 0.05) compared to control (Figure 3 ). In rats with RNA interference of IL10 the percentage of T-helper 2 cell presence in BALF was slightly lower compared to OVA-induced asthma group (p > 0.05). 
Morphology
The lung sections from the control rats were predominantly showed the normal histological architecture of the lung, these samples exhibited only thin interalveolar septa. The wall of bronchioles was contoured by singlelayer of ciliated cuboidal epithelium and a thin layer of smooth muscle fibers (Figure 4 ). However, slight thickening of the interalveolar septa and negligible peribronchial infiltrates were observed locally in some samples, which can be explained by early manifestations of hypertension in the line of investigated rats (SHR). In lung sections of rats with OVA-induced asthma the total bronchiole wall was to thicker mostly as a result of peribronchial edema and mononuclear infiltration, bronchial mucosal hyperplasia, as well as increased bronchial smooth muscle mass. Some bronchioles showed intrabronchial cellular debris associated with desquamated epithelium and macrophages. The thickening of interalveolar septa due to red blood cells (RBCs) and mononuclear cellular infiltration, the focal extravasated RBCs in the alveolar spaces up to the collapse of some alveoli with dilatation and ruptures of others, the dilated and congested blood vessels with perivascular edema were observed ( Figure 5 ). The IL10 RNA-interference to some extent attenuated inflammatory process in the lung tissue ( Figure 6 and Figure 7) , and we observed mild alveolar and peribronchial inflammatory cellular infiltration as well as some reduction of thickness of interalveolar septa were shown. The parameters that characterize the airway wall remodeling were slightly reduced both in small and medium bronchioles compared to asthmatic group of animals ( Figure 8 and Figure 9 ). 
Discussion
Modeling of comorbid pathology is not routine technique and we have found only few publications in this area. According to our knowledge, we are the first to develop an experimental model of bronchial asthma and arterial hypertension comorbidity presented in the current paper. Earlier Gilmour et al. [21] demonstrated the susceptibility of SHR to the increased inflammation in the lungs while exposed to particle matter compared to Wistar Kyoto rats due to activation of TLR4-mediated signaling. Kodavanti et al. [22] has proved that SHR is a better model for experimental bronchitis, because the sulfur dioxide induces marked immune dysregulation, oxidative stress, impairment of cell signaling, and fatty acid metabolism in SHR compared to Sprague Dawley rats.
Here we provide the data experimentally confirming functionality of the target (IL10) which was in silico predicted to be associated with both asthma and hypertension was confirmed in the experimental model of this comorbid pathology. IL-10 is the well-known cytokine participating in the inflammation of different genesis, can block NF-κB activity and is involved in the regulation of the JAK-STAT signaling pathway. These pathways are involved in both asthma and hypertension pathogenesis. We showed that during RNA-interference of IL10 gene in vivo changes both cardiac and lung function parameters. These changes in the heart work can be described as a positive. But the more intensive heart work (the increase of cardiac output, minute volume, heart work, etc) can lead to exhaust and decompensation of the heart functions comparing to control rats. Knockdown of IL10 gene in asthma modeling induces some positive changes in respiratory functions of asthmatic animals such as decreased elastance and increased compliance of the lungs, as well as less pronounced pathomorphological changes in the lung tissue (for example, the thickness of small and medium bronchioles, characterized bronchial asthma). These data are surprising due to the known function of IL10 as anti-inflammatory cytokine [23] , [24] and the decrease in its expression was expected to facilitate asthmatic changes in the lungs. It could be explained by the compensatory increase in the production of other anti-inflammatory substances with stronger effects. Moreover, the present investigation is concerned only the early signs of asthma (the challenge with OVA for only 7 days), and the negative consequences of IL-10 knockdown could appear later. This point definitely needs further investigation. But according some data [25] , [26] systemic administration of IL-10 for autoimmune therapy proved to be paradoxically proinflammatory. Intravenously plasmid injection in our experiments induces systemic effect also and some positive changes in respiratory parameters in rats with OVA-induced asthma are logically in this context.
Thus, some positive changes in the asthma development in SHR lead to the overload of heart and increases its function, we do not think that decrease of IL-10 level or influence on its receptors is the perspective mechanism for the development of new therapeutically approaches for the treatment of asthma and hypertension comorbidity treatment. Still the new model for comorbidity, developed and described in this work can be useful for the further search of other targets.
